Abstract. In this paper we discuss an extensive comparative study of 38 different classical and fuzzy filters for noise reduction, both for impulse noise and gaussian noise. The goal of this study is twofold: (1) we want to select the filters that have a very good performance for a specific noise type of a specific strength; (2) we want to find out whether fuzzy filters offer an added value, i.e. whether fuzzy filters outperform classical filters. The first aspect is relevant since large comparative studies did not appear in the literature so far; the second aspect is relevant in the context of the use of fuzzy techniques in image processing in general.
Introduction
Noise reduction is a well-known problem in image processing. The reduction of noise in an image sometimes is a goal itself, and sometimes is considered as a pre-processing step. Besides the classical filters for noise reduction, quite a lot of fuzzy inspired filters (i.e. filters that make use of techniques from fuzzy set theory) have been proposed during the past years. However, it is very difficult to evaluate the quality of this wide variety of filters, especially w.r.t. each other.
In this paper, we briefly explain the basic idea behind a "fuzzy" filter for noise reduction, we discuss the different classes of classical and fuzzy filters, and summarize the results of extensive comparative studies. The focus is on the filtering performance as such, i.e. we consider the reduction of noise as a goal itself. From these observations, it will be quite clear that fuzzy techniques for image noise reduction indeed have an added value in the field of image processing.
Noise Reduction Filters

Noise and Noise Reduction
Images can be contaminated with different types of noise, for different types of reasons. For example, noise can occur because of the circumstances of recording, the circumstances of transmission (damaged data), storage, copying, scanning, etc. Among the most common types of noise we find impulse noise (e.g. salt & pepper noise) and additive noise (e.g. gaussian noise).
case of impulse noise, but this is not really surprising since gaussian noise is a much more complicated kind of noise.
The visual results for reducing gaussian noise are not as good as in the case of impulse noise. Nevertheless, the top-3 of best performing filters gives satisfying results for low noise levels; one can observe that the GOA filter produces a much nicer, although a bit blurrier, image. For values for σ of 50 and higher, the results of the filters are not always satisfying. The GOA filter makes the images blurry (the higher the noise level, the blurrier the result after filtering), and the second and third best performing filters from a numerical point of view do not adequately reduce the noise. In particular, we notice the creation of small blocks in the images. Figure 3 shows some visual results, including the best performing fuzzy filters and the classical gaussian filter.
In summary, for low levels of gaussian noise the best performing filters give a good visual result, which is in accordance with the numerical observations. However, for higher levels of gaussian noise an honest conclusion is that the visual results could still be improved. This observation also leads to the conclusion that noise reduction filters, in the case of gaussian noise, should not only be evaluated based on numerical measures.
Conclusion
Our comparative study has revealed that the best performing filters, out of a total of 38 different classical and fuzzy filters, are based on fuzzy techniques. This conclusion holds for both impulse and gaussian noise, and illustrates the fact that fuzzy filters have resulted in an added value to the field of noise reduction.
Future research should, in our opinion, focus on the following three aspects: (1) the development of (fuzzy) filters for other types of noise (e.g. speckle noise) and mixed types of noise; (2) the extension of (fuzzy) filters to color and video images; cfr. [19] for a recent attempt; (3) a continued inventarization and comparison of noise reduction algorithms.
